Abstract. Anoikis is a specific form of programmed cell death induced by loss of contact between cells and extracellular matrices or other cells. Only tumor cells that are resistant to anoikis can survive in the state of detachment from the primary tissue during the early stages of metastasis. The ability to resist anoikis is crucial for cancer cell metastasis. ILF2 is a proto-oncogene previously studied in glioma, NSCLC, esophageal cancer and pancreatic ductal carcinoma. The results from the present study revealed that the transcription factor interleukin enhancer-binding factor 2 (ILF2) was highly expressed in non-small cell lung cancer (NSCLC) cell lines compared with in normal cell lines. ChIP and luciferase reporter gene assays demonstrated that ILF2 inhibited the expression level of the tumor suppressor gene phosphatase and tensin homolog (PTEN) by directly binding to its upstream regulatory region. Furthermore, the results from the detection of cell adhesion and apoptosis in cell suspension culture demonstrated that this mechanism enabled NSCLC cells to reduce adherence to the matrix and to survive in this abnormal state. These results suggested that ILF2 may promote the anchorage-independence of NSCLC cells through the suppression of PTEN.
Introduction
Lung cancer is one of the most lethal diseases worldwide, and is responsible for ~1.2 million cases of mortality each year (1) . According to the pathological type, lung cancer can be divided into small cell lung cancer and non-small cell lung cancer (NSCLC). NSCLC accounts for 85% of all lung cancer cases. Squamous cell carcinoma represents ~30% of small cell lung cancer cases, and non-squamous cell carcinoma accounts for ~70%. NSCLC is the leading cause of tumor-associated mortality in the United States and Europe. The majority of patients (~60%) are diagnosed with locally advanced or metastatic NSCLC, and the 5-year survival rate is only ~5%. Vascular endothelial growth factor (VEGF) (2) and epidermal growth factor receptor (3) are currently the main therapeutic targets in NSCLC. However, >40% of patients with NSCLC develop tumor recurrence, even when they have received early treatment (4) . Therefore, the specific mechanisms of NSCLC development, and novel therapeutic targets, require further investigation.
Apoptosis is a type of gene-encoded spontaneous cell death that occurs during cell growth, differentiation, development and pathology. It is also known as programmed cell death (5) . Normal epithelial or endothelial cells are adhesive-dependent, and their survival depends on cell-cell and cell-matrix signaling (6) . However, tumor cells can survive without adhesion, which is named anchorage independence (7) . Anoikis is a specific form of programmed cell death induced by loss of contact between cells and extracellular matrices or other cells. Progress on the determination of anoikis-related genes has been made. It has been reported that the decrease of B-cell lymphoma-extra large (Bcl-XL) protein expression induces a significant increase in ovarian cancer cell anoikis; however, it has no effect on cells that are attached to other cells (8) . Mutation or loss of heterozygosis of the phosphatase and tension homolog (PTEN) gene is closely associated with the occurrence and development of tumors, including glioblastoma and prostate cancer. It can also mediate the regulation of anoikis signaling (9) . In addition, integrins serve a crucial role in anchorage independence as a central signaling pathway between cells and matrix (10 Interleukin enhancer binding factor 2 (ILF2) is also known as nuclear factor 45. In the past few years, ILF2 has been extensively studied in tumors. For example, ILF2 is overexpressed in various types of malignancy, including glioma, NSCLC and esophageal cancer, and promotes their development (11) (12) (13) . Therefore ILF2 upregulation may be necessary for cancer cell progression. In addition, recent studies reported that ILF2 expression is associated with tumor size in pancreatic ductal carcinoma (PDAC) (14, 15) . Furthermore, ILF2 can be a valuable prognostic indicator of PDAC survival (15) . Lee et al (16) reported that ILF2 expression is high in liver cancer tissues by using immunohistochemistry and western blotting. However, the specific function of ILF2 and its mechanism underlying tumorigenesis require further investigation.
PTEN was the first tumor suppressor gene with phosphatase activity to be discovered (17) . Numerous degrees of PTEN gene mutation or loss exist in various types of tumor tissues, cell lines and xenografts. PTEN is involved in many important intracellular pathways and serves therefore crucial roles in suppressing the occurrence and development of tumors. PTEN blocks the phosphoinositide 3-kinase (PI3k)/protein kinase B signaling pathway by decreasing phosphatidylinositol (3,4,5)-trisphosphate (PIP3) levels to promote apoptosis (18) . PTEN is a diphosphatase, which activates PI3k to dephosphorylate PIP3. This reaction blocks PI3k-regulated growth factor signaling pathways and maintains cell growth during normal growth cycles (19) . PTEN can also inhibit focal adhesion kinase phosphorylation to suppress cell migration (20) . In addition, PTEN inhibits tumor angiogenesis through regulation of VEGF expression (21) .
Although ILF2 has been previously reported in NSCLC, the present study aimed to examine the function of ILF2 in a completely novel way. The results from this study demonstrated that ILF2 was highly expressed in NSCLC cell lines and was associated with poor patient prognosis, according to an online database. In addition, ILF2 reduced cell-matrix adhesion and promoted anchorage independence. Further analyses revealed that ILF2 directly bound to the PTEN gene and regulated its expression. The results suggested that ILF2 may achieve these functions through PTEN regulation.
Materials and methods
Cell culture. HUVEC-C, HBEC-5i, BEAS-2B, A549, H460, H1155 and H1299 cell lines were obtained from the American Type Culture Collection (Manassas, VA, USA). HUVEC-C is a human umbilical vein endothelium cell line. HBEC-5i is a human cerebral microvascular endothelium cell line. BEAS-2B is a human normal lung epithelial cell line. A549, H460, H1155 and H1299 are NSCLC cell lines. Adhesion assay. Cell culture dishes (diameter, 60-mm) were covered with fibronectin (500 µl, 10 µg/ml; Sigma-Aldrich; Merck kGaA) and incubated in a cell incubator overnight. HUVEC-C, HBEC-5i, A549 or H460 were transfected with control, shILF2, ILF2, shPTEN and PTEN. Dishes were washed twice with PBS (Thermo Fisher Scientific, Inc.), and 2x10
5 HUVEC-C, HBEC-5i, A549 or H460 cells in normal medium were seeded in each dish and incubated for 30 min at 37˚C in a cell culture incubator. The media was discarded, and cells were washed twice with PBS. Crystal violet [0.05% (w/v)] was used to stain adhered cells for 10 min at room temperature, and plates were imaged by light microscopy (magnification, x100). Finally, the number of cells that were stained were counted.
Cell death detection by ELISA.
To examine the ability of anchorage independence, cells transfected with control, shILF2, ILF2, shPTEN and PTEN were seeded (~2x10 5 ) in low-attachment (Corning Inc., Corning, NY, USA) and normal surface 24-well plates at 37˚C cell culture incubator. Cells that normally grow adherently cannot adhere to low-attachment (PolyHEMA-coated) 24-well plates. This can be used to simulate the detachment of cells from the matrix. According to the manufacturer's protocol, a Cell Death Detection ELISA PLUS kit (cat. no. 11774425001; Roche Diagnostics, Basel, Switzerland) was used to assess cell apoptosis. Apoptotic cells were measured using a microplate reader at 405 nm. The ELISA kit was used to detect the level of apoptosis. It determines the level of apoptosis by detecting the DNA-ladder produced by endogenous restriction endonuclease cleavage during apoptosis (22, 23) .
RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was isolated from cells with TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and reverse transcribed with oligo dT (Takara Biotechnology Co., Ltd., Dalian, China). The reverse transcription temperature protocol was 1 h at 42˚C and 10 min at 72˚C according to the manufacturer's protocol. RT-qPCR was performed with Ex Taq ® polymerase (Takara Biotechnology Co., Ltd.), and the cycling conditions were as follows: Initial denaturation for 3 min at 95˚C, followed by 31 cycles of 15 sec at 95˚C, 15 sec at 55˚C and 30 sec at 72˚C, with a final extension for 7 min at 72˚C. The sequences of the primers were designed as follows: ILF2 (gene ID: 3608), forward 5'-AGG CCC TTT GTA CCA CAT ATC-3', reverse 5'-ATC CTG TGC TCT TAG GCT TTC-3' (reverse); and GAPDH (gene ID: 2597), forward 5'-GAT TCC ACC CAT GGC AAA TTC-3' and reverse 5'-GTC ATG AGT CCT TCC ACG ATA C-3'. The 2 -∆∆Cq method was used to normalize the expression to GAPDH (24) .
Western blotting. For protein extraction, 2x10 6 cells were incubated in lysis buffer that was composed of 100 µl 50 mM Tris-HCl (pH 8.0) containing 1% NP-40, 150 mM NaCl, 100 µg/ml phenylmethylsulfonyl fluoride and 0.1% SDS. Lysis was performed on ice and lysates were subsequently denatured at 100˚C for 10 min. A Pierce bicinchoninic acid protein assay kit (Invitrogen; Thermo Fisher Scientific, Inc.) was used to measure the protein concentration and 30-µg protein was loaded into each well. Proteins were separated by 10% SDS-PAGE and transferred to polyvinylidene fluoride membranes. The membranes were blocked in 3% (w/v) bovine serum albumin for 1 h at room temperature. The primary antibodies used were as follows: Rabbit polyclonal ILF2 (cat. no. ab154791; 1:5,000), the rabbit polyclonal PTEN (cat. no. ab31392; 1:1,000) and the mouse monoclonal GAPDH (cat. no. ab8245; 1:5,000; all from Abcam, Cambridge, Uk), which were all dissolved in 5% bovine serum albumin (w/v). The primary antibodies were incubated with the membranes at 4˚C overnight. The secondary antibodies used were the goat anti-rabbit immunoglobulin (Ig) G H&L (cat. no. ab6721; 1:1,000) and the goat anti-mouse IgG H&L (cat. no. ab6789; 1:1,000; all from Abcam), which were all dissolved in 3% bovine serum albumin (w/v). The secondary antibodies were incubated with the blots at room temperature for 2 h. Bands were visualized with using chemiluminescent horse radish peroxidase substrate (EMD Millipore, Billerica, MA, USA). X-ray films (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China) and a GE Amersham Imager 600 (GE Healthcare, Chicago, IL, USA) were used for signal detection.
Cloning and transfection. Human ILF2 and PTEN were amplified from H460 and HUVEC-C cDNA using Platinum ® Taq DNA Polymerase (Invitrogen; Thermo Fisher Scientific, Inc.), respectively. The thermocycling conditions were as follows: Initial denaturation for 5 min at 95˚C; followed by 35 cycles of 30 sec at 95˚C, 30 sec at 55˚C and 2 min at 72˚C; and a final extension for 5 min at 72˚C. ILF2 and PTEN were ligated into the lentiviral shuttle pCCL.PPT.hPGk.IRES. GFP/pre. The sequences of the primers used for amplification were as follows: ILF2-ORF, forward 5'-CGC GGA TCC ATG AGG GGT GAC AGA GGC CG-3', reverse 5'-CGC GGA TCC TCA CTC CTG AGT TTC CAT GC-3'; and PTEN-ORF, forward 5'-CGC GGA TCC ATG ACA GCC ATC ATC AAA GA-3' and reverse 5'-CGC GGA TCC TCA GAC TTT TGT AAT TTG TG-3'. Oligos encoding short hairpin (sh)RNA specific for ILF2 were ligated into pSUPER.retro.puro, and the fragment containing the H1 promoter and hairpin sequences was subcloned into the lentiviral shuttle pCCL.PPT.hPGk.GFP.Wpre. The shRNA sequences were as follows: shRNA-1 targeting ILF2, GGC CTT GCT GAA GAG GAA TCA; shRNA-2 targeting ILF2, CTG TGA TGA ACA ACC CCA CCA; shRNA-1 targeting PTEN, GAA AGG GAC GAA CTG GTG TAA; and shRNA-2 targeting PTEN, GGC GTA TAC AGG AAC AAT ATT. HEk293T was used for lentiviral packaging. A total of 15 ng target plasmid was transfected into HEK293T with a confluence of 80% in 100 mm dishes. Polyethylenimine (Polysciences, Inc., Mount Arlington, NJ, USA) was used as the transfection reagent and a 1:3 transfection reagent: Plasmid ratio was used. Cells were transfected for 4 h in DMEM, after which the media was replaced. Cells were incubated at 37˚C after transfection and the lentivirus was collected 24 h after transfection. Lentivirus was used to infect the corresponding target cells for 24 h.
Chromatin immunoprecipitation (ChIP)
. ChIP was performed as described by Liu and Garrard (25) . The primary antibody against ILF2 was used at a 1:50 dilution.
Luciferase reporter gene technology. DNA fragments of the PTEN upstream regulatory region were amplified from HUVEC-C DNA using Platinum ® Taq DNA Polymerase (Invitrogen; Thermo Fisher Scientific, Inc.). Cycling conditions were as follows: Initial denaturation for 5 min at 95˚C, followed by 35 cycles of 30 sec at 95˚C, 30 sec at 55˚C and 2 min at 72˚C, with a final extension for 5 min at 72˚C. They were inserted into the XhoI and the HindIII sites of pGL3-basic with firefly luciferase. A Renilla reniformis luciferase plasmid (pRL-Tk) was used for normalization. A549 and H460 cells (1x10 5 ) were plated in 24-well plates and were transfected after ~24 h, once they reached ~80% confluence. Cells were co-transfected with 900 ng target plasmid and 15 ng pRL-Tk using 1 µl Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C in a cell culture incubator. After 24 h, the Dual-Luciferase Reporter assay system (Promega Corporation, Madison, WI, USA) was used to lyse the cells and measure the luciferase activity with a Promega GloMax 20/20 Luminometer in Eppendorf Tubes according to the manufacturer's protocol.
Statistical analysis. SPSS v.19.0 software (IBM Corp., Armonk, NY, USA) was used to perform statistical analyses. Data are presented as the means ± standard deviation. Comparison analysis was performed using the Student's t-test and one-way analysis of variance. Dunnett's test was used for pairwise comparisons of multiple treatment groups with a single control group. All experimental groups were compared to the control groups. P<0.05 was considered to indicate a statistically significant difference. Kaplan-Meier survival analysis of ILF2 was performed with an online tool (http://kmplot.com/analysis/) and the log rank test was used to generate P-values.
Results

ILF2 is highly expressed in NSCLC cell lines and is associated with poor patient outcomes.
ILF2 expression levels were detected in the human normal cell lines HUVEC-C, HBEC-5i and BEAS-2B, and in the NSCLC cell lines A549, H460, H1155 and H1299. High transcriptional and translational levels of ILF2 were detected in all NSCLC cell lines according to the results from RT-qPCR and western blotting experiments, respectively ( Fig. 1A and B) .
In order to investigate the effect of ILF2 in lung cancer, kaplan-Meier survival analysis was used to determine the association between ILF2 expression and the survival time of patients with lung cancer using an online tool (http://kmplot. com/analysis/) (26) . The results demonstrated that increased ILF2 expression was significantly associated with a worse overall survival rate of patients with lung cancer (n=2,437; P=0.000088; Fig. 1C) , which suggested that ILF2 may serve a crucial role in lung cancer malignancy progression.
ILF2 reduces cell-matrix adhesion and promotes anchorage independence.
To determine the role of ILF2 in the development of NSCLC, a series of cytology tests were conducted. Although it has been reported that ILF2 affects NSCLC cell proliferation (12), the results from the present study demonstrated a different effect. HUVEC-C and HBEC-5i were the normal cell lines used. A previous study demonstrated that, HUVEC-C and HBEC-5i are sensitive to anoikis (22) , which may aid determining the function and underlying mechanism of ILF2. Western blotting demonstrated that ILF2 overexpression in HUVEC-C and HBEC-5i cells using the lentivirus system was successful ( Fig. 2A) . In addition, the adhesion assay reported that ILF2 significantly reduced cell adhesion (Fig. 2B) . Furthermore, following 24 h of suspension culture, the survival rate of floating cells overexpressing ILF2 decreased compared with the control cells, as measured with the Cell Death Detection ELISA PLUS kit (Fig. 2C) . The results obtained from HBEC-5i cell line were similar (data not shown). Furthermore, ILF2 knockdown in A549 and H460 cells confirmed these phenomena (Fig. 2D-F) . Western blotting confirmed ILF2 knockdown in A549 and H460 cell lines (Fig. 2D) . In addition, ILF2 knockdown significantly increased cell adhesion and reduced cell survival after suspension culture (Fig. 2E and F, respectively) . The results obtained from the H460 cell line were similar (data not shown). Taken together, these results suggested that ILF2 may reduce cell-cell and cell-matrix adhesions and promote anchorage independence.
ILF2 promotes anchorage independence by inhibiting PTEN expression.
The results demonstrated that ILF2 overexpression in HUVEC-C and HBEC-5i cell lines decreased the PTEN protein level (Fig. 3A) . It has been reported that PTEN affects many aspects of tumor progression, including apoptosis promotion (27) . Following PTEN knockdown by shRNA in HUVEC-C, the cell phenotype was similar (Fig. 3B and C) to the one observed following ILF2 overexpression. The results obtained from HBEC-5i cell line were similar (data not shown). These results suggested that ILF2 may reduce cell adhesion and promote anchorage independence by inhibiting PTEN expression. To test this hypothesis, the PTEN expression decrease caused by ILF2 overexpression was recovered by overexpressing PTEN. Cell adhesion and apoptosis after suspension culture recovered to some degree ( Fig. 3B and C) .
ILF2 knockdown in A549 and H460 cell lines led to PTEN upregulation (Fig. 3D) . PTEN recovery reduced cell-matrix adhesion and stimulated cell survival following 24 h of suspension culture (Fig. 3E and F) . The results obtained from the H460 cell line were similar (data not shown). These data indicated that ILF2 reduced cell adhesion and promoted anchorage independence by regulating PTEN expression.
ILF2 can directly bind to PTEN gene to regulate its transcription.
The specific mechanism of ILF2 on PTEN regulation was further explored. Since ILF2 is a transcription factor, it was hypothesized that it could bind to the PTEN gene upstream to regulate its transcription. It has been reported that ILF2 interacts with the TGACAA motif of IL-2 proximal promoter (28). According to DNase I hypersensitive sites analyzed by the Encyclopedia of DNA Elements at the UCSC database (http://genome.ucsc.edu/ENCODE/), a series of primers for ChIP assays in the range of 10 kb upstream and downstream of the PTEN transcription start site were designed (Fig. 4A) . In HUVEC-C and HBEC-5i cells overexpressing ILF2, the results from the ChIP assay demonstrated that ILF2 could bind to the R3 region of PTEN (Fig. 4B and C) . A series of luciferase reporter vectors containing fragments of different lengths upstream of PTEN were then constructed. A549 and H460 cells highly expressing ILF2 were used to conduct the luciferase reporter gene assays. The results demonstrated that the activity of the luciferase reporter containing the -2,956 to -2,642 bp fragment was very high (Fig. 4D) . Furthermore, the position of the -2,956 to -2,642 bp fragment overlaps with the R3 position. These results indicated that the transcription factor ILF2 bound directly to the upstream region of the PTEN gene to affect its expression. 
Discussion
Lung cancer is one of the most common malignancies worldwide. NSCLC includes squamous cell carcinoma, adenocarcinoma and large cell carcinoma. In comparison with small cell carcinoma, NSCLC cells have slower growth and division rates, and diffusion and metastasis occur relatively late. NSCLC accounts for ~80% of all lung cancers. At the time of diagnosis, ~75% of patients with NSCLC are in advanced stages and have a poor 5-year survival rate of ~16%. The majority of patients with NSCLC are elderly, and ~50% of patients with lung cancer are >65 years old (29) . Early diagnosis of NSCLC is essentially based on sputum cytology examination, chest X-ray and other related examinations (30) . Patients are conventionally treated by chemotherapy combined with surgery; however, the overall efficiency remains poor (31) . With the major breakthrough and rapid development of the Human Genome Project, the diagnosis and treatment of lung tumors has reached the molecular level. Due to genetic engineering, novel discoveries have been made at the gene level, which has attracted the attention of the medical community (31) .
ILF2 is a transcription factor that contains an internal ribosome entry site. ILF2 interacts with ILF3 to form a complex that affects the nuclear redistribution of mRNA, repairs non-homologous end-linked DNA damage, negatively regulates the processing of microRNA and affects the expression of downstream genes (32) (33) (34) . The main biological function of ILF2 is the control of cell cycle and apoptosis. However, these biological roles are cell type-specific. For example, ILF2 is lowly expressed in the liver, heart, lung, skeletal muscle and spleen, whereas it is highly expressed in kidney, testis, thymus and brain (35) . The results from the present study demonstrated that ILF2 high expression was associated with NSCLC cell detachment and survival.
Previous studies reported abnormal ILF2 expression in cervical and colorectal cancers (36, 37) . By analyzing kaplan-Meier prognosis data of NSCLC, it was demonstrated that high ILF2 expression was associated with poor prognosis in the present study. A series of experiments were conducted to examine the specific functions of ILF2 in NSCLC cell lines here. The results demonstrated that ILF2 was highly expressed in NSCLC cells and reduced adhesion in cells, and promoted cell survival independently of anchorage. In addition, ILF2 achieved these functions by binding to the upstream regulatory region of the PTEN gene to inhibit its expression.
Although the present study was not the first to explore the function of ILF2 in NSCLC cells, novel features have been demonstrated. To the best of our knowledge, this study was the first to explore the association between the transcription factor ILF2 and the tumor suppressor gene PTEN in NSCLC cell lines. These results may aid scientists and clinicians to better understand NSCLC in order to provide novel molecular targets for diagnosis and treatment.
The present study demonstrated that high expression of ILF2 could cause weak cell adhesion to the extracellular matrix and anoikis resistance. These two phenomenons may be influenced by the ILF2/PTEN pathway. A previous study revealed that cells reduced adhesion and bypassed anoikis by down-regulating the integrin-signaling pathway (38) . ILF2/PTEN pathway may also achieve these functions by affecting the integrin signaling pathway, which requires further investigation. Integrin expression and related signaling pathways will be examined in a future study.
